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Introduction 7 0
Genetic studies of complex disorders have identified hundreds to thousands of sequence As our emphasis in this section is to connect a gene's putative CRE variants to both a 1 8 4 phenotype of interest and to its expression in relevant tissues (Fig 2) , we first describe the overall 1 8 5 analysis scheme as applied to a general phenotype of interest. We then describe how we applied 13 previously identified GWAS locus from the UKB list, FALSE otherwise 2 7 1 a RPP25 has been previously identified in GWAS, but our method to identify genes at GWAS loci was conservative and missed this have independent expression support in the same tissue. We also studied the genes involved in monogenic forms of hypotension or hypertension 3 0 6 in four kidney cell types available from the ENCODE project (see earlier). As the expression 3 0 7
data available for kidney are insufficient, we studied each cell type individually and carried out 3 0 8 only SKAT analyses for these genes; the results are in Tables 6-7. The most notable result is that 3 0 9 of CYP17A1, which shows an effect (p~10 -5 -10 -7 ) across all four cell types in the unweighted 3 1 0 variants analyses for SBP only, and more specifically, only in the glomerular endothelial cell results. However, as C10orf32 is a gene of interest at the same locus, based on the artery results 3 1 3 above, we examined and noted that the results are somewhat similar for this gene, although not 3 1 4 as striking, due to variant set sharing in the SKAT analyses for these genes (deltaSVM p-values: 3 1 5 ENCSR000EOK, 8 variants, p=1.87 x 10 -3 ; ENCSR000EOM, 12 variants, p=2.87 x 10 -5 ; 3 1 6 ENCSR000EPW, 10 variants, p=6.33 x 10 -4 ; ENCSR786BDQ, 9 variants, p=0.031). The 3 1 7 breakdown of individual variants analyzed for these two genes is in Table S5 . The variant 3 1 8 rs3824754, with an SBP association p=1.40 x 10 -11 , appears in the groupings of both genes for all 3 1 9 four cell types, but has the highest deltaSVM magnitude in the endothelial cell. Additionally,
there is a set of four variants with SBP association (p<1 x 10 -4 ; rs284853, rs284854, rs284855, 3 2 1 rs284856) which only appear in the ENCSR000EOM groupings. We observed that while for aorta and 14 variants for tibial artery) did not reflect any significant association (p>0.01). In variants, Tables 2 and 4). The same four variants unique to the ENCSR000EOM groupings 3 3 0 above with strong associations with SBP are also present in the artery groupings. Three of these 3 3 1 variants (rs284854, rs284855, rs284856) are eQTLs for C10orf32 in the aorta and tibial arteries; demonstrates an adrenal effect in the monogenic disorder [44] , we also examined the 3 3 6 associations of these three variants in the GTEx portal with adrenal gland expression data for 3 3 7 both genes; all have p > 0.26 for CYP17A1 and p > 0.04 for C10orf32. This may reflect an 3 3 8 endothelial-cell-specific effect for C10orf32 rather than a tissue-type effect, especially as this 3 3 9 locus has been identified in several previous BP GWAS studies, [40, 43, [45] [46] [47] ; it may also not 3 4 0 be very informative for the kidney, though suitable expression data for kidney would be required 3 4 1 to assess this. Quantile-quantile (QQ) plots are shown in Figs S3-S14 for each of the six tissues and two 3 5 8 BP phenotypes, and each of three delta SVM weighting schemes. Although the dsvm weighting scheme demonstrates a greater enrichment of genes than the default weighting scheme, the equal discriminates between different tissue/cell types while equal-weighted results do not; this is 3 6 2 especially clear with the QT interval results.
6 3
We analyzed the union of genes that met significance in the association analysis with BP, 3 6 4 regardless of association of expression, to maximize our gene list for annotation, using DAVID 3 6 5 6.8 [48, 49] . The results are shown in Table S6 . Our previous genetic analyses identified the aorta and tibial arteries as relevant to blood 3 6 9 pressure regulation [38] . In this study we have now identified several genes with regulatory 3 7 0 variants linking significantly to both BP traits and to expression data in these tissues, most at 3 7 1 previously replicated BP loci. Although the involvement of the kidney is well established in BP 3 7 2 regulation through physiological evidence, we sought to identify genes at any of the hundreds of 3 7 3 BP GWAS loci in a broader set of tissues. We examined groupings of multiple proximal and 3 7 4 putatively causal variants defined around genes within a single tissue in order to identify specific 3 7 5 genes of interest. We also examined QT interval genes at previous GWAS loci to highlight the 3 7 6 identification of functionally characterized genes for this trait. We identified several genes of potential interest to the aorta/arteries for BP, mostly at 3 7 8 previously identified GWAS loci: MTHFR, C10orf32, CSK, NOV, ULK4, SDCCAG8, SCAMP5,
As mentioned above, one major limitation in our study is the statistical power of the 4 0 0 SKAT eQTL analysis, with small sample sizes available for each of the GTEx tissues. The 4 0 1 power of implicating effects for a given tissue also depends on its total contribution, and the 4 0 2 numbers of eQTLs identified. The requirement in our study that a gene meet significance for 4 0 3 both BP and expression therefore produced a more conservative list. However, the QT interval 30 BP-specific pathways or annotation, so these will also benefit from producing more specific and 4 0 8 possibly larger gene sets. Additionally, we used hard genotype calls for analysis, necessitating 4 0 9 some missing genotype data; the power of our methods could be improved by using imputed 4 1 0 probabilities of genotypes. Our attempts to expand findings beyond the known pathogenic coding variation with 4 1 2 respect to the 20 genes involved in monogenic forms of hypertension or hypotension were 4 1 3 inconclusive. We attribute this to the dearth of publicly available data for the kidney at this time, and expect that the availability of more extensive data will resolve some of the issues in further 4 1 5 studies. Additionally, though it is beyond the scope of this study, as the effects of many of these 4 1 6 monogenic disorders are likely through the adrenal gland, a full analysis of adrenal gland data 4 1 7
will be necessary to assess them. The MetaXcan software has supported most of the genes highlighted here and identified 4 1 9 novel associations, although there were some limitations with the availability of the models for 4 2 0 all genes. Additionally, our results indicated that deltaSVM weighting might be validly 4 2 1 discriminatory between cell types; this is most evident with several QT interval genes, such as 4 2 2 NOS1AP and SCN5A. It is also suggestive of cell-type specificity with the results for CYP17A1 4 2 3 in the kidney cell types. It may be informative moving forward to characterize these BP genes at 4 2 4 the individual cell-type level in the arteries as well. The question of identification of core genes networks may be facilitated by our approach 4 2 6 in this study, which includes using eQTL information from tissues or cell types of interest and 4 2 7 genotypes to identify potentially relevant genes for a trait. As the expansion of publicly available 4 2 8 resources continues, more information may be used for these purposes. Our analysis implicates specific variants that can be functionally tested for their effect on both gene expression and the summary association results. for multiple test correction to adjust for the number of genes within each analysis. We made no analyses, for phenotype and for expression. We used DAVID 6.8 [48, 49] to annotate the set of genes that met significance in the 5 4 0 association analysis with either SBP or DBP. We retained terms that met a BH threshold of p < 5 4 1 0.05. The Atherosclerosis Risk in Communities Study is carried out as a collaborative study and NINDS. The data used for the analyses described in this manuscript were obtained from: the 5 5 6
GTEx Portal and dbGaP accession number phs000424.v6.p1. This research was funded by NIH 5 5 7 grants HL128782 and HL0-86694 to A.C.
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